ABSTRACT. Oriented strand board (OSB) panels, like plywood, are destined for structural use. Both of them may undergo preservative treatments that extend their lifetime and increase their resistance against weathering and xylophagous agents. One possibility is a heat treatment where the wood is exposed to temperatures above 130°C (403 K), which causes chemical, physical, and mechanical changes. The aim of this work was to produce OSB made of Pinus taeda thermally treated without replacement of atmosphere for an inert gas. The physical properties of density, moisture content, and thickness swelling in water immersion for 24 hour were evaluated. The mechanical properties of static bending were determined by the modulus of elasticity (MOE), modulus of rupture (MOR), and an internal bond test. Boards were heattreated at 160, 180, and 200°C (433, 453 and 473 K), and panels were produced with heat-treated strands at 160 and 180°C (433 and 453 K). The heat treatment of boards did not affect mechanical properties compared to the control treatment. The thermal treatment of strands reduced the physical and mechanical performances of the panels.
Introduction
report that wooden boards are widely used for furniture and construction. During the production of these boards, the wood must be transformed into particles, so that the requirements for quality of the raw material is not so substantial.
According to Cheng et al. (2018) , oriented strand board (OSB) is a wood by-product produced through particle pressing with adhesives at high temperatures. This process has obtained space in the market due to its good quality, economic viability, and comparable mechanical properties of the boards in comparison to plywood. In addition to being a structural material, its characteristics allow it to improve building thermal and acoustic insulation properties when used as a base for facades, floors, and roofs (Cheng et al., 2018) . OSB can be used as closure of inner and outer faces of other boards, in ceilings, floors, and as substrate for roof covering. OSB is used mostly as an external closure with an impermeable layer due to its water tightness and mechanical properties (Böhm, Šedivka, Bomba, & Reisner, 2011) .
Wood used for structural purposes must be treated. Preservative treatment improves its durability when it is exposed to environmental factors such as moisture and fungal attack (Silva & Molina, 2012) . There has been much recent research on new techniques to improve wood properties. Heat treatment is a process in which wood is exposed to a high temperature environment (Candelier et al., 2016) . Heat treatment promotes the volatilization and thermal degradation of some wood components, mainly extractives and hemicelluloses. Therefore, xylophages decrease their interest in thermally treated wood as a food source (Przybysz, Machado, Christoforo, Silva, & Calil Jr., 2013) .
Mendes, Bortoletto Jr., Almeida, Surdi, and Barbeiro (2013a) produced pre and post heat treated OSB at 473.15 K and 513.15 K. It was concluded that heat treated strands improved dimensional stability. Post heat treated OSB improved physical properties without compromising mechanical properties.
OSB panels can be heat-treated under two different modes: pre-treatment and post-treatment. Mendes, Bortoletto Jr., Almeida, Surdi, and Barreiro (2013b) used Pinus taeda L. wood and heat treatments from 200 to 240°C (473 to 513 K) to show that the basic difference between these two forms is that the thermal pre-treatment carried out in the in strands. After being consolidated and stabilized, the thermal post-treatment was carried out in the panels. Sinha, Nairn, and Gupta (2010) developed aspen OSB that was heat-treated at temperatures from 50 to 200°C (323 to 473 K). Further studies of the effects of high temperature on properties of wood-based composites are necessary. These thermal degradation studies allow the understanding and prediction of the behavior of wood-based materials during and after exposure to elevated temperatures. This paper aimed to investigated physical and mechanical properties of heat-treated OSB at the temperatures of 160, 180, and 200°C (433, 453 and 473 K) , before and after board production.
Material and methods
The materials used in the production of the OSB were Pinus taeda from Itapeva-SP region and phenol formaldehyde resin (53.2% solids content and pH of 11.4). The nominal dimensions were 0.420 × 0.420 × 0.015 m based on EN 300 (European Standard [EN], 2006) , and each panel was produced in three perpendicular layers following the proportions of 20:60:20 based on its weight, for similar properties in both directions of the board plane. Table 1 shows how the experiment was divided into treatments.
Each treatment produced four boards and used 1.8 kg of strands, 0.180 kg of phenol formaldehyde, and 0.018 kg of water. The pressure applied was 40 kgf cm -2 , which was approximately 3.92·106 Pa, with a temperature of 180°C (453 K) and 540 s of pressing time. Two total pressure reliefs after 3 min. of each pressure cycle was applied.
Initially, the wood planks were cut into small pieces so that they could fit into the laboratorial disk chipper. The wood planks were submerged in water before the production of strands. The nominal dimensions of the strands produced were 0.100 x 0.020 x 0.0006 m, due to the limitation on the dimensions of the strand producer machine.
This was an important step because these wet wooden blocks reduced tool wear and strand twist. The process of drying followed two procedures: the natural drying of the strands over a plastic canvas and oven drying with forced air circulation over a time span of one day at 103 ± 2°C (376 ± 2 K).
The thermal treatment process took place after drying the material. The temperature increased at a rate of 0.04 K s -1 from 103°C (376 K) to the designated temperature of the treatment and remained for 3600 s in these conditions, without replacement of atmosphere at 1 atm of pressure. Thereafter, the forced air oven was shut down, and the strands or boards stood inside for 1800 s more before being removed. Figure 1 shows an example of strands before and after going through the heat treatment designated at T5.
The adhesive was prepared according to the dry weight of the particles. It was composed of 10% phenol formaldehyde and 1% water. These two components were mixed with the wood strands through spraying in a mixer-rotating drum.
The adhesive impregnation on each panel took place in four stages. Two stages were for the mixture of the external layers, and the other two stages were for the core layer where each portion was mixed with the corresponding quantity of adhesive for 600 s. Subsequently, the impregnated strands were disposed inside a wood former, over a steel plate covered with aluminum foil. The strands with adhesive were spread manually, as uniform as possible, and oriented with a wood grid that guided their direction.
The wood former was removed, and another steel plate covered with aluminum foil was placed over the particle mattress, which was placed in a pneumatic press and compressed at 0.98 MPa for 600 s. A pressing cycle was performed in a hydraulic press with a heating system. Some of the equipment used in this study is shown in Figure 2 . After the pressing cycle, the panels were removed from the press and placed in a room with constant temperature and humidity, in accordance with EN 300 (EN, 2006) -293 K and 65% of relative humidity for at least 72 hours. The samples were removed from the panels to perform tests. The physical tests performed were the determination of density EN 323 (EN, 1993e), moisture content EN 322 (EN, 1993d) and thickness swelling through water immersion for 24 hours EN 317 (EN, 1993b) . The mechanical tests performed were the internal bond test EN 319 (EN, 1993c) , as well as the determination of the modulus of elasticity (MOE) and modulus of rupture (MOR) through static bending EN 310 (EN, 1993a) .
The results of the physical and mechanical properties were evaluated through the analysis of variance (ANOVA) and the Tukey test with a 95% family-wise confidence level using the software R Core Team (2016) version 3.3.1. Ten samples were used for each treatment. 
Results and discussions
The mean values for the physical and mechanical properties followed by the analysis of variance results are presented in Table 2 , standard deviation is shown between parentheses; same letters on horizontal means no statistical difference among the mean values. The // symbol stands for outer layer parallel to strands and ┴ symbol stands for outer layer perpendicular to strands.
Treatment T6 showed larger variation of physical and mechanical results, especially in thickness swelling and internal bond, according to Table 2 . Such results are justified due to the interference of the heat treatment which reduced interaction between strands and resin.
Treatments T4 and T5 showed statistical difference in the density test. According to Iwakiri (2005) , wood boards are considered medium density from 600 to 790 kg*m -3
. Thus, the OSB produced in this study was classified as a transition between low and medium density. Poubel, Garcia, Santos, Oliveira, and Abreu (2013) performed a thermal treatment on Pinus caribaea wood and observed a decrease in the density at 200°C (473 K). Mendes et al. (2013b) showed a decrease in the density in relation to a controlled temperature of 240°C (513 K), where a thermal treatment was made on strands with atmosphere replacement. Values varied from 694 to 746 kg*m -3 . Moisture content results did not follow a trend according to the heat treatment performed, which was verified in the statistical analysis. Some samples had a high standard deviation, reaching 25% in relation to the average, preventing to perceive the studied effect.
The moisture content for Class 3 and 4 OSB panels may fluctuated between 5% and 12% (EN, 2006) . All treatments in this study met this requirement for OSB panels used for structural purposes in humid environments. Mendes et al. (2013b) studied Pinus taeda and verified that the moisture content decreased from 8.55 to 7.64% when using a heat treatment of 200°C (473 K) on the strands. When the panels went through a heat treatment without the replacement of atmosphere, their values were higher than the values found in this study. Mendes et al. (2013a) obtained an average moisture content of 8.53% for heat treated OSB at 513.15 K produced Pinus taeda and phenol-formaldehyde resin, which is a temperature higher than the ones used in this study. Although the values obtained are superior to the ones shown on Table. All of them are within EN 300 (EN, 2006 ) required values (2 -12%).
Heat treated boards (T2, T3 and T4) showed better results in thickness swelling when compared to the treatments T5 and T6, as seen in Table 2 . This property, together with the internal bond, indicates that adhesion was not affected by the heat treatment of the boards. Carvalho et al. (2018) verified values from 19.11 to 23.82% for the thickness swelling. Similar to this research, the values decreased with the increasing temperature of the heat treatment, but they were comparatively inferior.
Heat treated boards did not differ from the control treatment in the mechanical tests (internal bond and static bending), on the other hand, treatments T5 and T6 showed inferior performance.
For OSB panels, the reference values (EN, 2006) should be: Parallel MOE 4800 MPa, Parallel MOR 28.00 MPa, Perpendicular MOE 1900 MPa and Perpendicular MOR 15.00 MPa for Class 4. Thus, only the parallel MOE did not meet this standard. However, it met the Class 3 standard, which indicates a value of 3500 MPa for the parallel MOE. Only treatment T6 presented an inferior performance in all of the tests. Class 3 refers to panels for structural purposes to be used in humid environments. Carvalho et al. (2018) obtained an increase of MOE and MOR with the temperature of a heat treatment in both directions. However, the values obtained were lower compared with the current study because the hydrothermal treatment occurred in the wood strands. (820) 4255a (808) 3897a (640) 3943a (399) 4380a (613) 2206b (445) 3500 MOE ┴ (MPa) 3349a (757) 3034a (423) 3138a (700) 3215a (443) 2303b (743) 620c ( Table 2 , where significant differences have been found. Vital et al. (2014) produced panels with Pinus sp. heat treated for 900 s in a rotor with gas heating and obtained values of 0.89 MPa for the control treatment, 0.46 MPa at 160°C (433 K), and 0.42 MPa at 200°C (473 K). These internal bond values differed from those found in the current study due to the thermal treatment method used.
The linear regression in the treatments T2, T3, and T4 presented a correlation coefficient that was lower than 0.15 for all of the tests performed (see Table 3 ). This analysis could not be performed on the panels produced with heat-treated strands because the T7 treatment, which was heat-treated strands at 200°C (473 K), was not completed. During this procedure, a fire started when it reached the maximum temperature, which indicates that this treatment was not possible when using the current method. 
Conclusion
Thermal treatments did not change the density of the panels, when compared to the control treatment. The panels produced were low to medium density. The T6 treatment showed a great divergence in the results, justified by the severe modification of the material. For thickness swelling only the T3 and T4 treatments were categorized as Class 1 (EN, 2006) , indicating they could be used in dry environments.
In tests of mechanical properties, the heat-treated panels presented no statistical difference from the control. Thus, the method is applied more effectively in finished boards.
